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Abstract. We performed a compilation of more than 1000 published spectra of H ii regions in spiral galaxies.
The oxygen and nitrogen abundances in each H ii region were recomputed in a homogeneous way, using the
P–method. The radial distributions of oxygen and nitrogen abundances were derived. The correlations between
oxygen abundance and macroscopic properties are examined. We found that the oxygen abundance in spiral
galaxies correlates with its luminosity, rotation velocity, and morphological type: the correlation with the rotation
velocity may be slightly tighter. There is a significant difference between the luminosity – metallicity relationship
obtained here and that based on the oxygen abundances determined through the R23–calibrations. The oxygen
abundance of NGC 5457 recently determined using direct measurements of Te (Kennicutt, Bresolin & Garnett
2003) agrees with the luminosity – metallicity relationship derived in this paper, but is in conflict with the
luminosity – metallicity relationship derived with the R23-based oxygen abundances. The obtained luminosity –
metallicity relation for spiral galaxies is compared to that for irregular galaxies. Our sample of galaxies shows
evidence that the slope of the O/H – MB relationship for spirals (–0.079 ± 0.018) is slightly more shallow than
that for irregular galaxies (–0.139 ± 0.011). The effective oxygen yields were estimated for spiral and irregular
galaxies. The effective oxygen yield increases with increasing luminosity from MB ∼ −11 to MB ∼ −18 (or
with increasing rotation velocity from Vrot ∼ 10 km s
−1 to Vrot ∼ 100 km s
−1) and then remains approximately
constant. Irregular galaxies from our sample have effective oxygen yields lowered by a factor of 3 at maximum,
i.e. irregular galaxies usually keep at least 1/3 of the oxygen they manufactured during their evolution.
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1. Introduction
Investigating the macroscopic properties of galaxies that
could drive their chemical evolution is very important in
understanding their global evolution, which has been the
goal of many studies over the past twenty years. It has
been found, for example, that the properties of H ii re-
gions in late-type galaxies are linked to macroscopic char-
acteristics of galaxies such as luminosity or Hubble type.
Smith (1975) concluded that excitation differences among
the H ii regions of Sbc–Scd–Irr galaxies can be best under-
stood in terms of an abundance sequence which progresses
from higher to lower heavy-element enrichment as one pro-
gresses from earlier to later type galaxies. He also noted
that his results show no apparent correlation between the
average heavy-element abundance and galaxy mass. The
Send offprint requests to: L.S. Pilyugin
correlation between oxygen abundance and the morpho-
logical type of galaxy was later confirmed by Vila-Costas
& Edmunds (1992) and Zaritsky, Kennicutt & Huchra
(1994).
Lequeux et al. (1979) revealed that the oxygen abun-
dance correlates with total galaxy mass for irregular galax-
ies, in the sense that the higher the total mass, the higher
the heavy element content. Since the galaxy mass is a
poorly known parameter, the metallicity – luminosity re-
lation instead of the mass – metallicity relation is usu-
ally considered (Skillman, Kennicutt & Hodge (1989);
Richer & McCall (1995); Hunter & Hoffman (2000);
Pilyugin (2001c); Melbourne & Salzer (2002), among oth-
ers). Garnett & Shields (1987) found that spiral disk abun-
dance also correlates very well with galaxy luminosity.
They concluded that the metallicity of galaxies correlates
better with galaxy luminosity than with morphological
type. Zaritsky, Kennicutt & Huchra (1994) found that the
2 L.S.Pilyugin et al.: Oxygen abundance vs. macroscopic properties in nearby galaxies
characteristic gas-phase abundances and luminosities of
spiral galaxies are strongly correlated, and this relation-
ship maps almost directly onto the luminosity – metallicity
relationship of irregular galaxies.
The origin of this correlation is open to debate. It is
widely suggested that there are two mechanisms which
can be responsible for a luminosity – metallicity relation
for spirals and irregulars: higher astration level and de-
creasing efficiency of heavy-element loss with increasing
luminosity. The mass exchange between a galaxy and its
environment can alter the relation between oxygen abun-
dance and gas mass fraction; it mimics the variation in
the oxygen yield. To investigate the possibility of a vary-
ing yield, Edmunds (1990) and Vila-Costa & Edmunds
(1992) have suggested to use the “effective” oxygen yield,
yeff , as the yield that would be deduced if a system was as-
sumed to behave as in the simplest model of chemical evo-
lution. The variation of the value of the effective oxygen
yield from galaxy to galaxy can be considered as indica-
tive of the efficiency of mass exchange between galaxies
and their environments. A similar approach, the concept
of the oxygen abundance deficiency in the galaxy which
is introduced as a deficiency of the oxygen abundance ob-
served in the galaxy in comparison with the oxygen abun-
dance predicted by the closed-box model for the same gas
mass fraction, has been used by Pilyugin & Ferrini (1998;
2000a,b). The effective oxygen yields for a set of spiral
and irregular galaxies were derived recently by Garnett
(2002). He found that the value of effective oxygen yield
is approximately constant, yeff = 0.0112, for Vrot > 150
km s−1. The effective oxygen yield decreases by a factor
of 10 – 20 from Vrot ∼ 300 km s
−1 to 5. This means that
low-mass galaxies have lost the bulk of their manufactured
oxygen, up to 90 – 95%.
Accurate abundance determinations are mandatory for
such investigations. In H ii regions, they can be derived
from measurements of temperature-sensitive line ratios,
such as [OIII]λλ4959,5007/[OIII]λ4363. Unfortunately, in
oxygen-rich H ii regions, the temperature-sensitive lines
such as [OIII]λ4363 are often too weak to be detected.
For such H ii regions, abundance indicators based on more
readily observable lines were suggested (Pagel et al. 1979;
Alloin et al. 1979). The oxygen abundance indicator R23
= ([OII]λλ3727,3729 + [OIII]λλ4959,5007)/Hβ, suggested
by Pagel et al. (1979), has found widespread acceptance
and use for the oxygen abundance determination in H ii
regions where the temperature-sensitive lines are unde-
tectable. Grids of photoionization models are often used
to establish the relation between strong oxygen line in-
tensities and oxygen abundances (Edmunds & Pagel 1984;
McCall et al. 1985; Dopita & Evans 1986; Kobulnicky et al.
1999; Kewley & Dopita 2002; among others). Radial distri-
butions of oxygen abundance determined with theoretical
(or model) calibrations have been obtained for large sam-
ples of spiral galaxies by Vila-Costas & Edmunds (1992),
Zaritsky et al. (1994), van Zee et al. (1998), Conside`re et
al. (2000), among others.
The early calibrations were one-dimensional (Edmunds
& Pagel 1984; McCall et al. 1985; Dopita & Evans 1986;
Zaritsky et al. 1994), i.e. a relation of the type O/H =
f(R23) was used. It has been shown (Pilyugin 2000;
2001a,b) that the error in the oxygen abundance derived
with the one-dimensional calibrations involves a system-
atic error. The origin of this systematic error is evident.
In a general case, the intensity of oxygen emission lines
in spectra of H ii regions depends not only on the oxy-
gen abundance but also on the physical conditions (hard-
ness of the ionizing radiation and geometrical factors)
in the ionized gas. Thus, when one estimates the oxy-
gen abundance from emission line intensities, the physical
conditions in H ii regions should be taken into account.
In the Te – method this is done via the electron tem-
perature Te. In one-dimensional calibrations the physical
conditions in H ii regions are ignored. Starting from the
idea of McGaugh (1991) that the strong oxygen lines con-
tain the necessary information for determinining accurate
abundances in (low-metallicity) H ii regions, it has been
shown (Pilyugin 2000; 2001a,b) that the physical condi-
tions in H ii regions can be estimated and taken into ac-
count via the excitation parameter P . A two-dimensional
or parametric calibration (the so-called “P – method”)
has been suggested. A more general relation of the type
O/H = f(P,R23) is used in the P – method, compared
with the relation of the type O/H = f(R23) used in one-
dimensional calibrations. Thus, the one-dimensial R23 –
calibration provides more or less realistic oxygen abun-
dances in high-excitation H ii regions, but yields overesti-
mated oxygen abundances in low-excitation H ii regions.
This is in agreement with the results of Kinkel & Rosa
(1994), Castellanos et al. (2002), Kennicutt, Bresolin &
Garnett (2003), Garnett, Kennicutt & Bresolin (2004),
who found that the R23 – method yields overestimated
oxygen abundances in high-metallicity H ii regions.
It should be stressed that ”strong lines – oxygen abun-
dance” calibrations do not form an uniform family. The
calibrations of the first type are the empirical calibra-
tions, established on the basis of H ii regions in which
the oxygen abundances are determined through the Te
– method. Two-dimensional empirical calibrations both
at low and high metallicities were recently derived by
Pilyugin (2000; 2001a,c). The calibrations of the second
type are the theoretical (or model) calibrations, estab-
lished on the basis of the grids of photoionization models
of H ii regions. The two-dimensional theoretical calibra-
tions were recently proposed by Kobulnicky et al. (1999)
and Kewley & Dopita (2002). It has been shown (Pilyugin
2003b) that there is a discrepancy between the oxygen
abundances in high-metallicity H ii regions determined
with the Te – method (and/or with the corresponding
”strong lines – oxygen abundance” calibration) and that
determined with the model fitting (and/or with the corre-
sponding ”strong lines – oxygen abundance” calibration).
Thus, so far, there actually exist two scales of oxygen
abundances in H ii regions. The first (empirical) scale cor-
responds to the oxygen abundances derived with the Te –
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method or with empirical calibrations (the P – method).
The second (theoretical or model) scale corresponds to the
oxygen abundances derived through model fitting or with
theoretical (model) calibrations.
Pilyugin (2003b) suggested to use the interstellar oxy-
gen abundance in the solar vicinity, derived with very
high precision from the high-resolution observations of
the weak interstellar OIλ1356 absorption line towards the
stars, as a “Rosetta Stone” to make a choice between ”the-
oretical” and ”empirical” scales of oxygen abundances in
high-metallicity H ii regions. The agreement between the
value of the oxygen abundance at the solar galactocentric
distance traced by the abundances derived in H ii regions
through the Te – method and that derived from the inter-
stellar absorption lines towards the stars is strong evidence
that the classical Te – method provides accurate oxygen
abundances in H ii regions, i.e. the ”empirical” scale of
oxygen abundances in high-metallicity H ii regions is cor-
rect. Therefore, at high metallicities the ”strong lines –
oxygen abundance” calibrations must be based on the H ii
regions with the oxygen abundances derived through the
Te – method but not on the existing grids of models for
H ii regions.
The usual quantities: the oxygen and nitrogen abun-
dance distributions in galaxies (Sect. 2), the correlations
between oxygen abundance and macroscopic properties of
galaxies (Sect. 3 and Sect. 4), and the estimation of ef-
fective oxygen yields and their variations among galaxies
(Sect. 5) will be considered in this paper.
What is the novelty of our study? All previous investi-
gations of these problems were carried out with the R23-
based oxygen abundances. Let us refer to the recent anal-
ysis and conclusion of B. Pagel who is the foundator of the
R23 – calibrations: “Starting from around 1980, the notori-
ous R23 method has been the most widely used method for
the oxygen abundance determination. Investigations since
then have shown that our calibrations have overestimated
oxygen abundances near solar. There is some promise in
newly developed strong-line indices and especially in re-
finements of the R23 method (P – calibration). Until more
of these refinements have been applied, abundances near
and above solar have to be taken with a grain of salt”
(Pagel 2003). For the present study, the oxygen and nitro-
gen abundances for a large sample of H ii regions in late-
type galaxies will be derived using a homogeneous method:
the two-dimensional calibration (P – method). In Sect. 6,
the oxygen abundances obtained here will be compared
with the recently derived Te-based oxygen abundances in
the disk of the galaxy NGC 5457 (Kennicutt, Bresolin &
Garnett 2003). The O/H – MB relationship obtained here
with the P-based oxygen abundances will be compared
with the O/H – MB relathionship obtained recently by
Garnett (2002) on the basis of oxygen abundances derived
through the R23 – calibrations. The comparison between
P-based, Te-based, and R23-based data provides an ad-
ditional check of the P-based abundances and shows the
difference between the P-based and R23-based data.
2. The chemical abundances
2.1. The algorithm for oxygen and nitrogen
abundances determination
The oxygen and nitrogen abundances in H ii regions are
derived in the following way. We adopt a two-zone model
for the temperature structure within H ii regions.
As the first step, the (O/H)P oxygen abundance in
H ii regions is determined with the expression suggested
in Pilyugin (2001a)
12+log(O/H)P =
R23 + 54.2 + 59.45P + 7.31P
2
6.07 + 6.71P + 0.37P 2 + 0.243R23
, (1)
where R23 =R2 + R3, R2 = I[OII]λ3727+λ3729/IHβ , R3 =
I[OIII]λ4959+λ5007/IHβ , and P = R3/R23.
Then, the electron temperatures within the [OIII] and
[OII] zones are derived. For this purpose the expressions
for the oxygen abundance determination from Pagel et
al. (1992) and the Te([OII]) – Te([OIII]) relation from
Garnett (1992) are used,
O
H
=
O+
H+
+
O++
H+
, (2)
12 + log(O++/H+) = log
I[OIII]λ4959+λ5007
IHβ
+
6.174 +
1.251
t3
− 0.55 log t3, (3)
12 + log(O+/H+) = log
I[OII]λ3726+λ3729
IHβ
+ 5.890 +
1.676
t2
− 0.40 log t2 + log(1 + 1.35x), (4)
x = 10−4net
−1/2
2 , (5)
where ne is the electron density in cm
−3 (we assume a
constant value of ne = 100 cm
−3), t3 = t[OIII] is the
electron temperature within the [OIII] zone in units of
104K, t2 = t[OII] is the electron temperature within the
[OII] zone in units of 104K. The t2 value is determined
from the equation (Garnett 1992)
t2 = 0.7 t3 + 0.3. (6)
Using the value of O/H derived from Eq.(1) and the mea-
sured emission line ratios, Eqs.(2) - (6) can be solved for
t[OII] and t[OIII].
Assuming t2 = t[NII] = t[OII], the N/O abundance ra-
tio in H ii regions is determined from the expression (Pagel
et al. 1992)
log(N/O) = log(N+/O+) = log
I[NII]λ6548+λ6584
I[OII]λ3726+λ3729
+
0.307−
0.726
t2
− 0.02 log t2. (7)
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Table 1. The adopted and derived parameters of the radial oxygen abundance distributions in galaxies
galaxy R25 12+log(O/H)0 gradient ∆log(O/H) number of references
arcmin dex/R25 dex H ii regions
NGC0224 102.07 8.76 -0.52 0.09 22 BKC82, BKG99, DK81
NGC0253 14.09 8.71 -0.54 0.10 9 WS83
NGC0300 11.19 8.49 -0.40 0.13 45 CPG97, DCL88, dORW83,
EP84, PEB79, WS83
NGC0598 37.06 8.57 -0.20 0.08 41 BKG99, DTP87, GOS92, KA81,
MRS85, P70, S71, S75, VPD98
NGC0628 5.36 8.68 -0.45 0.08 37 BKG99, FGW98, MRS85, vZSH98
NGC0753 1.32 8.82 -0.21 0.08 12 HBC96
NGC0925 5.48 8.51 -0.48 0.10 20 vZSH98, ZKH94
NGC1058 1.62 8.71 -0.32 0.04 6 FGW98
NGC1068 3.54 8.83 -0.26 0.03 9 OK93, vZSH98
NGC1232 3.71 8.73 -0.58 0.09 15 vZSH98
NGC1365 5.61 8.74 -0.70 0.14 53 AEL81, PEB79, RW97
NGC1637 2.04 8.67 0.02 0.11 14 vZSH98
NGC2403 11.45 8.52 -0.35 0.11 56 BKG99, GSP99, GSS97, FTP86,
MRS85, S75, vZSH98
NGC2442 3.23 8.70 -0.17 0.05 8 R95
NGC2541 3.30 8.23 0.14 0.14 19 ZKH94
NGC2805 3.30 8.44 -0.26 0.11 17 vZSH98
NGC2835 3.62 8.31 -0.07 0.12 17 R95
NGC2841 4.06 9.12 -0.78 0.01 5 BKG99, OK93
NGC2903 6.29 8.94 -0.71 0.09 31 MRS85, vZSH98, ZKH94
NGC2997 5.00 8.66 -0.39 0.08 6 EP84, MRS85
NGC3031 13.77 8.69 -0.43 0.09 36 BKG99, GS87, OK93, SB84
NGC3184 3.71 8.97 -0.63 0.06 30 MRS85, vZSH98, ZKH94
NGC3198 4.26 8.69 -0.64 0.07 14 ZKH94
NGC3344 3.54 8.63 -0.48 0.09 15 MRS85, VEP88, ZKH94
NGC3351 3.79 8.90 -0.26 0.05 19 BK02, BKG99, MRS85, OK93
NGC3521 5.48 8.86 -0.93 0.06 9 ZKH94
NGC3621 6.74 8.55 -0.44 0.12 26 R95, ZKH94
NGC4254 2.81 8.94 -0.65 0.06 19 HPC94, MRS85, SSK91
NGC4258 9.31 8.57 -0.20 0.08 33 BKG99, C00, OK93, ZKH94
NGC4303 3.23 8.84 -0.72 0.10 22 HPL92, SSK91
NGC4321 3.79 8.86 -0.37 0.06 10 MRS85, SSK91
NGC4395 6.59 8.27 -0.02 0.08 16 MRS85, vZSH98
NGC4501 3.54 8.99 -0.52 0.07 5 SKS96
NGC4559 5.48 8.48 -0.38 0.13 20 ZKH94
NGC4571 1.86 8.90 -0.20 0.04 4 SKS96, SSK91
NGC4651 2.04 8.72 -0.64 0.06 6 SKS96
NGC4654 2.45 8.85 -0.77 0.06 7 SKS96
NGC4689 2.18 8.89 -0.41 0.08 5 SKS96, SSK91
NGC4713 1.35 8.71 -0.73 0.05 4 SKS96
NGC4725 5.34 9.01 -0.88 0.13 8 ZKH94
NGC4736 5.61 8.60 -0.26 0.05 16 BKG99, MRS85, OK93
NGC5033 5.36 9.06 -1.78 0.06 5 ZKH94
NGC5055 6.29 9.01 -0.83 0.07 5 MRS85
NGC5068 3.88 8.32 +0.08 0.12 23 MRS85, R95
NGC5194 5.61 8.92 -0.40 0.06 21 BKG99, DTV91, MRS85
NGC5236 6.59 8.79 -0.28 0.07 27 BK02, DTJ80, WS83
NGC5457 14.42 8.80 -0.88 0.09 65 GSP99, KG96, KR94, MRS85, RPT82,
S71, S75, SS78, TPF89, vZSH98
NGC6384 3.38 8.90 -0.62 0.05 16 BK02, BKG99, OK93
NGC6744 10.21 9.00 -0.89 0.04 16 R95
NGC6946 8.30 8.70 -0.41 0.06 9 FGW98, MRS85
NGC7331 5.74 8.68 -0.48 0.04 12 BKG99, OK93, ZKH94
NGC7793 4.78 8.54 -0.50 0.07 22 EP84, MRS85, WS83
IC0342 22.33 8.85 -0.90 0.12 5 MRS85
IC5201 4.26 8.27 +0.09 0.14 11 R95
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Alternatively, the value of t3 can be derived from the
following expression for tP = t3 (Pilyugin 2001a)
tP =
R23 + 3.09 + 7.05P + 2.87P
2
9.90 + 11.86P + 7.05P 2 − 0.583R23
. (8)
Then the oxygen (and nitrogen) abundances (O/H)tP can
be determined from Eqs.(2)-(7) with t3=tP . The oxygen
abundance (O/H)tP is in good agreement with the value of
(O/H)P (the differences between (O/H)tP and (O/H)P are
usually less than 0.03 dex, see Fig. 12 in Pilyugin 2001a).
However, for H ii regions in which most of the oxygen is
in the O+ stage, the value of (O/H)tP is less reliable than
the value of (O/H)P .
2.2. Central abundances and radial gradients
A compilation of published spectra of H ii regions in late-
type galaxies has been carried out. Our list contains more
than 1000 individual spectra of H ii regions in 54 late-
type galaxies. We performed an extensive compilation of
spectra of H ii regions from the literature but our collec-
tion does not pretend to be exhaustive. Only the galaxies
with available spectra for at least four H ii regions were
taken into consideration. Using these spectrophotometric
data and the algorithm described in the previous section,
the oxygen and nitrogen abundances were derived for our
sample of H ii regions.
In investigations of the relationships between the oxy-
gen abundances and the macroscopic properties of spiral
galaxies, the concept of the characteristic oxygen abun-
dance has been introduced: it is defined as the oxygen
abundance in the disk at a predetermined galactocentric
distance. Due to the presence of radial abundance gradi-
ents in the disks of spiral galaxies, the choice of the charac-
teristic (or representative) value of the oxygen abundance
in a galaxy is not trivial. The value of the oxygen abun-
dance at the B-band effective (half-light) radius of the
disk (Garnett & Shields 1987; Garnett 2002), the value
of the central oxygen abundance extrapolated to zero ra-
dius from the radial abundance gradient (Vila-Costas &
Edmunds 1992), the value of the oxygen abundance at
r = 0.4R25, where R25 is the isophotal (or photometric, or
Holmberg) radius, (Zaritsky, Kennicutt & Huchra 1994),
and the value of the oxygen abundance at one disk scale
length from the nucleus (Garnett et al. 1997), have been
used as the characteristic oxygen abundance in a galaxy.
To estimate the characteristic oxygen abundance in spi-
ral galaxies, the radial distribution of oxygen abundances
within the galaxies should be established.
The radial oxygen abundance distribution in every
galaxy is well fitted by the following equation:
12 + log(O/H) = 12 + log(O/H)0 + CO/H × (R/R25), (9)
where 12 + log(O/H)0 is the extrapolated central oxygen
abundance, CO/H is the slope of the oxygen abundance
gradient expressed in terms of dex/R25, and R/R25 is the
fractional radius (the galactocentric distance normalized
to the disk isophotal radius).
Table 2. List of references to Table 1.
abrrev source
AEL81 Alloin, Edmunds, Lindblad, et al. 1981
BK02 Bresolin & Kennicutt 2002
BKC82 Blair, Kirshner & Chevalier 1982
BKG99 Bresolin, Kennicutt & Garnett 1999
C00 Castellanos 2000
CPG97 Christensen, Petersen & Gammelgaard 1997
DCL88 Deharveng, Caplan, Lequeux, et al. 1988
DK81 Dennefeld & Kunth 1981
dORW83 d’Odorico, Rosa & Wampler 1983
DTJ80 Dufour, Talbot, Jensen, et al. 1980
DTP87 Diaz, Terlevich, Pagel, et al. 1987
DTV91 Diaz, Terlevich, Vı´lchez, et al. 1991
EP84 Edmunds & Pagel 1984
FGW98 Ferguson, Gallagher & Wyse 1998
FTP86 Fierro, Torres-Peimbert & Peimbert 1986
GOS92 Garnett, Odewanh, & Skillman 1992
GS87 Garnett & Shields 1987
GSP99 Garnett, Shields, Peimbert, et al. 1999
GSS97 Garnett, Shields, Skillman, et al. 1997
HBC96 Henry, Balkowski, Cayatte, et al. 1996
HPC94 Henry, Pagel & Chincarini 1994
HPL92 Henry, Pagel, Lasseter, et al. 1992
KA81 Kwitter & Aller 1981
KG96 Kennicutt & Garnett 1996
KR94 Kinkel & Rosa 1994
MRS85 McCall, Rybsky & Shields 1985
OK93 Oey & Kennicutt 1993
P70 Peimbert 1970
PEB79 Pagel, Edmunds, Blackwell, et al. 1979
R95 Ryder 1995
RPT82 Rayo, Peimbert & Torres-Peimbert 1982
RW97 Roy & Walsh 1997
S71 Searle 1971
S75 Smith 1975
SB84 Stauffer & Bothun 1984
SKS96 Skillman, Kennicutt, Shields, et al. 1996
SS78 Shields & Searle 1978
SSK91 Shields, Skillman & Kennicutt 1991
TPF89 Torres-Peimbert, Peimbert & Fierro 1989
VEP88 Vı´lchez, Edmunds & Pagel 1988
VPD88 Vı´lchez, Pagel, Diaz, et al. 1988
vZSH98 van Zee, Salzer, Haynes, et al. 1998
WS83 Webster & Smith 1983
ZKH94 Zaritsky, Kennicutt & Huchra 1994
The derived parameters of the oxygen abundance dis-
tributions are presented in Table 1. The name of the
galaxy is listed in column 1. The isophotal radius R25 (in
arcmin) taken from the Third Reference Catalog of Bright
Galaxies (de Vaucouleurs et al. 1991) is given in column
2. The extrapolated central 12 + log(O/H)0 oxygen abun-
dance and the gradient (the coefficient CO/H in Eq.(9))
expressed in terms of dex/R25 are listed in columns 3 and
4. The scatter of oxygen abundances around the general
radial oxygen abundance trend is reported in column 5.
The number of available individual spectra of H ii regions
in the galaxy is listed in column 6. The source(s) for the
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Fig. 1. Oxygen and nitrogen abundances, and nitrogen-to-oxygen abundance ratios versus galactocentric distance for
late-type galaxies. The oxygen abundances are shown by filled circles, the linear least-squares fits to these data are
presented by solid lines. The nitrogen abundances are shown by open squares, the linear least-squares fits to these
data are presented by dashed lines. The nitrogen-to-oxygen abundance ratios are shown by open circles, the linear
least-squares fits to these data are presented by solid lines. The galactocentric distances are normalized to the isophotal
radius.
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Fig. 2. Oxygen and nitrogen abundances and nitrogen-to-oxygen abundance ratio versus galactocentric distance for
late-type galaxies. The oxygen abundances are shown by filled circles, the linear least-squares fits to these data are
presented by solid lines. The nitrogen abundances are shown by open squares, the linear least-squares fits to these
data are presented by dashed lines. The nitrogen-to-oxygen abundance ratios are shown by open circles, the linear
least-squares fits to these data are presented by solid lines. The galactocentric distances are normalized to the isophotal
radius. The H ii regions with depleted oxygen abundances in NGC 2903 are shown by pluses.
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Fig. 3. Oxygen and nitrogen abundances and nitrogen-to-oxygen abundance ratio versus galactocentric distance for
late-type galaxies. The oxygen abundances are shown by filled circles, the linear least-squares fits to these data are
presented by solid lines. The nitrogen abundances are shown by open squares, the linear least-squares fits to these
data are presented by dashed lines. The nitrogen-to-oxygen abundance ratios are shown by open circles, the linear
least-squares fits to these data are presented by solid lines. The galactocentric distances are normalized to the isophotal
radius.
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Fig. 4. Oxygen and nitrogen abundances and nitrogen-to-oxygen abundance ratio versus galactocentric distance for
late-type galaxies. The oxygen abundances are shown by filled circles, the linear least-squares fits to these data are
presented by solid lines. The nitrogen abundances are shown by open squares, the linear least-squares fits to these
data are presented by dashed lines. The nitrogen-to-oxygen abundance ratios are shown by open circles, the linear
least-squares fits to these data are presented by solid lines. The galactocentric distances are normalized to the isophotal
radius.
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Fig. 5. Oxygen and nitrogen abundances and nitrogen-to-oxygen abundance ratio versus galactocentric distance for
late-type galaxies. The oxygen abundances are shown by filled circles, the linear least-squares fits to these data are
presented by solid lines. The nitrogen abundances are shown by open squares, the linear least-squares fits to these
data are presented by dashed lines. The nitrogen-to-oxygen abundance ratios are shown by open circles, the linear
least-squares fits to these data are presented by solid lines. The galactocentric distances are normalized to the isophotal
radius.
emission line flux measurements in the H ii regions is(are)
reported in column 7. The list of references to Table 1 is
given in Table 2.
The derived radial distributions of the oxygen abun-
dance in galaxies are presented in Figs. 1 to 5. The oxygen
abundances for individual H ii regions are shown by the
filled circles. The linear best fits (derived via the least
squares method) to these points are presented by solid
lines. The galactocentric distances are normalized to the
isophotal radius.
As in the case of the oxygen abundance, the radial
nitrogen abundance distribution in every galaxy is well
fitted by the following equation:
12+ log(N/H) = 12+ log(N/H)0+CN/H × (R/R25), (10)
and the radial distribution of the nitrogen to oxygen abun-
dance ratios is well fitted by the single equation of the
type:
log(N/O) = log(N/O)0 + CN/O × (R/R25). (11)
The derived parameters of the nitrogen abundance dis-
tributions are presented in Table 3. The name of the
galaxy is listed in column 1. The extrapolated central 12 +
log(N/H)0 nitrogen abundance and the gradient (the co-
efficient CN/H in Eq.(10)) expressed in terms of dex/R25
are listed in columns 2 and 3. The scatter of nitrogen
abundances around the general radial nitrogen abundance
trend is reported in column 4. The number of available
individual spectra of H ii regions in the galaxy with mea-
sured nitrogen emission line fluxes is listed in column 5.
